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® A magnetic recording medium comprises a nonmagnetic substrate (1), and a magnetic layer consisting of a 
first ferromagnetic metal thin film (2) of an orthorhombic, columnar structure formed on the nonmagnetic 
substrate (1), and a second ferromagnetic metal thin film (3) of an orthorhombic, columnar structure. The 
direction of growth of the orthorhombic, columnar structure of the first ferromagnetic metal thin film (2) and that 
of the second ferromagnetic metal thin film (3) are opposite to each other. The thickness of the first 
ferromagnetic metal thin film, the thickness of the second ferromagnetic metal thin film, the coercive force and 
remanent magnetic flux density of the magnetic layer, the longitudinal stiffness and surface roughness of the 
back surface of the magnetic recording medium are determined selectively so that the magnetic recording 
medium is able to function satisfactorily regardless of the direction of movement of the magnetic head relative to 
the magnetic recording medium in reproducing recoded data by a recording/reproducing apparatus of a 
nontracking data reproducing system and a nonloading tape drive system. 
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EP 0 516 086 A2 

The present invention relates to a magnetic tape suitable for reproducing data recorded thereon by a 
nontracking data reproducing system. y 

A helical scan recording system, which moves a magnetic head mounted on a rotary drum obliquely 
with respect to the running direction of a magnetic tape, has generally been employed in recording signals 
5 by a video tape recorder (VTR) and by a digital audio tape recorder (DATR). Being suitable for long time 
recording and capable of miniaturizing the recording apparatus and of reducing the cost of the recording 
tTr^n' h I2S SCa " recordin 9 s V stem is e *P^ted to be employed in a recording apparatus other 
than VTRs and DATRs, such as a business digital memory for recording minutes of meetings 

ncidentally, in reproducing data recorded by the helical scan recording system, the magnetic head 
w must trace recordmg tracks accurately. To enable accurate tracking, ATF signals for tracking are recorded 

IlrtPrk th atc ? !, 09ether With reC ° rding data " ' n re P roducin 9 ^corded data, the magnetic head 
detects the ATF s.gnal, determ.nes a positional error, i.e., deviation from the track, on the basis of the ATF 
signal and provides an error signal representing the positional error, and then a tracking servocircuit 
controls the pos.t.on of the magnetic head on the basis of the error signal. Accordingly, the 

is recording reproducing apparatus employing the helical scan recording system needs, in addition to a 
recording/reproducing system, a complicated servomechanism, and hence further miniaturization of the 
recording apparatus employing the helical scan recording system is difficult. Therefore, the current helical 
scan tracking system needs improvements to enable the application of the same to a business digital 
memory, which must have a compact, lightweight construction. 

20 Recently a nontracking data reproducing system, which requires a servomechanism of a simple 

construction, has been proposed. In reproducing data recorded by the helical scan recording system by the 
nontracking data reproducing system, the magnetic head is rotated at a rotating speed twice or more than 
tw,ce a rotating speed at which the magnetic head is rotated in recording the data to read all the data 
recorded on a magnetic tape without missing any data without requiring a complicated tracking ser- 

25 vomechanism. y 

In recording data on a magnetic tape by the nontracking data reproducing system, track data obtained 
by block.ng input data are recorded on tracks oblique to the running direction of the magnetic tape by a 
rotary record.ng,reproducing head provided with magnetic heads A and B differing from each other in 
azimuth angle (double-azimuth recording head). In reproducing the thus recorded data, the rotary recording 
so reproducing head ,s rotated at a rotating speed twice a rotating speed at which the rotar? 

3 rd n" 9 K Pr ° d h Udn9 h t ad iS r ° tated in reC ° rdin9 the data Then ' ad j acent traces of magnetic heads 
overlap each other, so that all the recorded data can be reproduced without missing any derta. The data 
read by the magnetic heads are written in a DRAM (dynamic read-and-write memory) and the data are 
rearranged according to frame addresses and block addresses attached thereto to reproduce the same 
Since the magnetic heads need not trace the tracks precisely in reproducing recorded data by the 
nontracking data reproducing system, the recording/reproducing apparatus employing the nontracking data 
reproducing system need not be provided with the tracking servocircuit which controls tracking on the basis 
ot ATF signals, and can be formed in a compact, light weight construction 

nr^trf?" 61 ! abov , e '. the magnetic heads of a DATR of the conventional helical scanning system must 

TnZn n h ^ t0 a " d he " Ce 3 highly accurate loadin 9 mechanism is essential to such 

a DATR. on the other hand, an apparatus of a nontracking data reproducing system need not be provided 

9 ^ V aC ° Urate ° adin9 mechanism - Accordingly, it is possible to load a recording/reproducing 
apparatus with a magnebc tape in a nonloading system, in which a tape path can be formed simply by 
advancing the rotary drum toward the magnetic tape, by making the tape guide shafts of the tape cassette 
IrS i J vert,cal .9 ulde and inclined P in s of the recording/reproducing apparatus. Such possibility 
system m ' n ' atunza t'°n and reduction of weight of the apparatus of a nontracking data reproducing 

Incidentally, since a recording/reproducing apparatus of a nontracking data reproducing system is 
capable of bemg formed in a compact, light weight construction, efforts have been made to develop a very 
small recording/reproducing apparatus of a nontracking data reproducing system capable of employing a 
tape cassette of a size approximately equal to that of a postage stamp on the order of 30.0 mm x 21 5 mm 
x 5.0 ™ and containing a magnetic tape enabling continuous recording operation for a long time on the 

,h d t er ,h T> J 3 ma9netiC tape muSt enable data to be recorded in a hi 9h recording density so 

that the data can be satisfactorily recorded and the recorded data can be satisfactorily reproduced A 
poss.b e magnetic tape for such recording is a so-called oblique evaporation magnetic tape fabricated by 
depositing a ferromagnetic metal, such as a CoNi alloy, in a magnetic metal thin film on a nonmagnetic 
substrate by oblique evaporation. This oblique evaporation magnetic tape has a ferromagnetic metal thin 
f.lm 31 of a orthorhombic, columnar structure formed on a nonmagnetic substrate 32 as shown in Fig 10 
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has a high saturation magnetization intensity and a high coercive force and is capable recording signals of 
wavelengths in a long wavelength region and a short wavelength region. Some oblique evaporation 
magnetic tapes have been used practically on VTRs and DATRs. However, the following problems arises in 
using the oblique evaporation magnetic tape on a recording/reproducing apparatus of a nontracking data 
5 reproducing system. 

The oblique evaporation magnetic tape exhibits satisfactory recording/reproducing performance when a 
magnetic head slides along the oblique evaporation magnetic tape in the normal direction (a direction 
indicated by the arrow a in Fig. 10) with respect to the direction of growth of the orthorhombic, columnar 
structure of the ferromagnetic metal thin film. However, the recording/reproducing performance of the 

10 oblique evaporation magnetic tape is not satisfactory in respect of optimum recording current, phase 
characteristic, CN ratio and output characteristic when the magnetic head moves in the reverse direction (a 
direction indicated by the arrow b in Fig. 10) with respect to the direction of growth of the orthorhombic, 
columnar structure. Accordingly, satisfactory recording/reproducing operation can be achieved when the 
oblique evaporation magnetic tape is used on a recording/reproducing apparatus, such as a VTR or a 

75 DATR, having a magnetic head that moves only in the normal direction with respect to the direction of 
growth of the orthorhombic, columnar structure of the ferromagnetic metal thin film, and a 
recording/reproducing apparatus having a magnetic head that moves in opposite directions respectively 
along the upper and lower half of the oblique evaporation magnetic tape for forward-backward 
recording/reproducing operation is unable to record data on and reproduce data from the oblique evapora- 

20 tion magnetic tape satisfactorily when the magnetic head moves in the reverse direction with respect to the 
direction of growth of the orthorhombic, columnar structure. 

Since the object of the recording/reproducing apparatus of a nontracking data reproducing system is to 
use a very small tape cassette and to secure a long operating time, the recording/reproducing apparatus is 
of a forward-backward recording/reproducing system. Accordingly, the foregoing problems in the oblique 

25 evaporation magnetic tape affect the performance of the recording/reproducing apparatus significantly. 

An oblique evaporation magnetic tape of a two-layer construction proposed to solve those problems has 
a magnetic layer consisting of two oblique evaporation ferromagnetic metal thin films respectively having 
opposite growth directions. The phase characteristic and optimum current characteristic of this oblique 
evaporation magnetic tape of a two-layer construction remain constant regardless of the direction of 

30 movement of the magnetic head with respect to the direction of growth of the ferromagnetic metal thin film 
in contact with the magnetic head. Thus, the oblique evaporation magnetic tape of a two-layer construction 
is expected to be a magnetic recording medium suitable for a nontracking data reproducing system. 

However, the characteristics of the oblique evaporation magnetic tape, such as CN ratio and reproduc- 
tion output, other than the phase characteristic and the optimum current characteristic are affected by the 

35 direction of movement of the magnetic head with respect to the direction of growth of the ferromagnetic 
metal thin film in contact with the magnetic head. Therefore, the oblique evaporation magnetic tape is not 
perfectly satisfactory for use on a recording/reproducing apparatus of a forward-backward 
recording/reproducing system. 

A recording/reproducing apparatus of a nontracking data reproducing system, in general, is provide with 

40 a tape loading mechanism of a nonloading system. As shown in Fig. 9, this tape loading mechanism of a 
nonloading system has a pinch roller 52 supported for rotation on a cassette 51, and a fixed, plastic tape 
guide post 53 for guiding a magnetic tape 55 so that the magnetic tape 55 is kept in contact with a rotary 
drum 54 when the rotary drum is advanced to an operating position. During recording/reproducing 
operation, the back surface, i.e., the surface not coated with the magnetic layer, of the magnetic tape 55 is 

45 in sliding contact with the tape guide post 53. Therefore, the friction between the tape guide post 53 and 
the magnetic tape 55 affects the running performance of the magnetic tape 55 greatly. When the 
conventional oblique evaporation magnetic tape is used on the tape loading mechanism of a nonloading 
system, the magnetic tape cannot run smoothly, the tape guide post 53 is abraded and, consequently, the 
reproduction output is disturbed. 

50 The inventors of the present invention studied the difference between the CN ratio and output 
characteristics of a magnetic tape when the magnetic head slides in one direction relative to the magnetic 
tape and those of the same magnetic tape when the magnetic head slides in the reverse direction and have 
acquired knowledge that the CN ratio and output characteristics of the magnetic tape remain constant 
regardless of the direction of sliding movement of the magnetic head relative to the magnetic tape when the 

55 thickness of each of the ferromagnetic metal thin films of the magnetic layer, and the coercive force and 
remanent magnetic flux density of the magnetic layer are determined properly. 

The present invention has been made on the basis of the foregoing knowledge and it is therefore an 
object of the present invention to provide a magnetic tape, for use on a recording/reproducing apparatus of 

3 
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a nontracking data reproducing system, comprising: a nonmagnetic substrate; and a magnetic layer 
consisting of a first ferromagnetic metal thin film of an orthorhombic, columnar structure formed on front 
surface of the nonmagnetic substrate and a second ferromagnetic metal thin film of an orthorhombic 
columnar structure formed on the first ferromagnetic metal thin film; wherein the direction of growth of the 
first ferromagnetic metal thin film and that of the second ferromagnetic metal thin film are opposite to each 
other, and the magnetic layer meets conditions expressed by: 



1600 A<6, + 5 2 ^ 2000 A 
1/3 ^ 5 2 /5i ^ 2/3 
w He S 1200 Oe 

Br*(Si + 52)*Hc > 50 G*cm*Oe 

2 ^ St < 1 0 

0.15 ^ Ra ^ 0.040 



75 



where S, and h 2 are the thickness of the first ferromagnetic metal thin film and the second ferromagnetic 
thin film respectively, He is the coercive force of the magnetic layer, Br is the remanent magnetic flux 
density of the magnetic layer, St is the longitudinal stiffness, and Ra is the surface roughness of the back 
surface of the nonmagnetic substrate. 

The above and other objects, features and advantages of the present invention will become more 
apparent from the following description taken in connection with the accompanying drawings in which- 

Fig. 1 is a schematic sectional view of a magnetic tape in a preferred embodiment according to the 
present invention; y 

Fig. 2 is a schematic sectional view of an essential portion of a vacuum evaporation apparatus for 
depositing a ferromagnetic metal thin film; 

Fig. 3 is a graph showing the variation of bit error rate with the thickness of a magnetic layer- 
Fig. 4 is a graph showing the variation of bit error rate with thickness ratio; 

Fig. 5 is a graph showing the relation between the energy product of a magnetic layer and the level of 
reproduced output signals; 

Fig. 6 is a graph showing the relation between the coercive force of the magnetic layer and optimum 
30 recording current; 

Fig^ 7 is a typical view showing a mode of contact of a magnetic tape with a magnetic head, in which a 
portion of the magnetic tape is floating; 

Fig. 8 is a typical view showing a mode of contact of a magnetic tape with a magnetic head in which the 
magnetic tape is not in perfect contact with the curved surface of a magnetic head; 
35 Fig. 9 is a perspective view of a tape drive of a noncontact system; and 

Fig. 10 is a schematic sectional view of a conventional magnetic tape having a magnetic layer formed by 
oblique evaporation. y 

Referring to Fig. 1 , a magnetic tape in a preferred embodiment according to the present invention 
comprises a nonmagnetic substrate 1 and a magnetic layer consisting of a first ferromagnetic metal thin film 

ao 2 of an orthorhombic, columnar structure formed on the nonmagnetic substrate 1 and a second ferromag- 
netic metal thin film 3 of an orthorhombic, columnar structure. The direction of growth of the orthorhombic 
columnar structure of the first ferromagnetic metal thin film 2 and that of the orthorhombic. columnar 
struc ure of he second ferromagnetic metal thin film 3 are opposite to each other. The first ferromagnetic 
metal th.n film 2 and the second ferromagnetic metal thin film 3 are formed by, for example, oblique 

45 evaporation. K H 

First, the first ferromagnetic metal thin film 2 is formed by oblique evaporation. Referring to Fiq 2 the 
nonmagnetic substrate 1 unwound from a feed roller 49 is wound around the outer circumference 41a of a 
drum 41 and taken up by a take-up roller 50. While the drum 41 is rotated to move the nonmagnetic 
substrate 1 in the direction of the arrow r, an evaporation source 43. i.e., a ferromagnetic metal to form a 
ferromagnetic metal thin film, contained in a crucible 44 is evaporated. The vapor Y of the evaporation 
source 43 falls on the surface of the nonmagnetic substrate 1 at an incidence angle d, i.e., the angle formed 
between the stream of the vapor Y arriving at the surface of the nonmagnetic substrate 1 and the 
perpendicular X to that surface at the point of arrival. The incidence angle e at a point on the surface of the 
nonmagnetic substrate 1 decreases gradually as the nonmagnetic substrate advances and reaches a 
minimum at a position corresponding to a mask 45 disposed near the drum 41. Preferably the range of 
variation of the incidence angle 6 is 90 ° to 30 * . 

An oxygen gas inlet opening is formed bear the edge of the mask 45 to supply oxygen gas to the 
surface of the nonmagnetic substrate 1. The oxygen gas enhances the abrasion resistance of the magnetic 



50 
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layer. The oxygen gas supply rate is regulated so as to form a ferromagnetic thin film having desired 
characteristics including coercive force and remanent magnetic flux density. 

Then, the second ferromagnetic metal thin film 3 is formed on the first ferromagnetic metal thin film 2 
by oblique evaporation. In forming the second ferromagnetic metal thin film 3 of an orthorhombic, columnar 

5 structure having a direction of growth opposite to that of the orthorhombic, columnar structure of the first 
ferromagnetic metal thin film, the feed roller 49 and the take-up roller 50 are interchanged, the nonmagnetic 
substrate 1 unwound from the take-up roller 50 is wound around the outer circumference 41a of the drum 
41, the drum 41 is turned in the direction of the arrow r and the same evaporation process is carried out. 
There is no particular restriction on the material for forming the first ferromagnetic metal thin film 2 and 

10 the second ferromagnetic metal thin film 3; the material may be, for example, Co or an alloy of two or more 
of Co, Ni, Ta, Cr and Pt, such as a CoNi alloy, a CoPt alloy, a CoTa alloy or a CoCr alloy. The nonmagnetic 
substrate 1 may be any suitable one of substrates generally employed in forming magnetic recording 
medium of this kind. 

If necessary, the nonmagnetic substrate 1 may be coated with a base film, and the magnetic tape may 
75 be provided with a back coating film and/or a top coating film. There is no particular restriction on the 

materials of the base film, the back coating and the top coating; any suitable materials generally employed 

in forming such coating films may be used. 

There is no difference between the phase characteristic and optimum recording current of the magnetic 

tape having the magnetic layer of a two-layer construction thus fabricated when a magnetic head moves in 
20 the normal direction, i.e., the direction of the arrow A in Fig. 1, and those of the magnetic tape when the 

magnetic head moves in the reverse direction, i.e., the direction of the arrow B in Fig. 1. Accordingly, the 

magnetic tape is suitable for use on a recording/reproducing apparatus of a forward-backward 

recording/reproducing system. 

To enable the magnetic tape to function at a high CN ratio and on a high reproduced output level on a 
25 forward-backward recording/reproducing apparatus of a nontracking data reproducing system, to enable 

satisfactory signal reproduction at a low bit error rate of 1 x 10" 2 or below and to enable the magnetic tape 

to run smoothly when driven by a tape drive of a nonloading system, the magnetic tape must meet the 

following conditions. 

30 1600 A ^ 5i + 5 2 ^ 2000 A 
1/3 £ 5 2 /6i S 2/3 
He S 1200 Oe 

Br*(5i + 6 2 )-Hc ^ 50 G*cm*Oe 
2 ^ St £ 10 
35 0.015 £ Ra£ 0.040 

where 5i is the thickness of the first ferromagnetic metal thin film 2, 5 2 is the thickness of the second 
ferromagnetic metal thin film 3, He is the coercive force of the magnetic layer, Br is the remanent magnetic 
flux density of the magnetic layer, St is the longitudinal stiffness of the magnetic tape and Ra is the surface 

40 roughness of the back surface of the nonmagnetic substrate 1 . 

If 5i + 5 2 is smaller than 1600 A or greater than 2000 A, bit error rate increases when the magnetic 
head moves in either the normal direction or the reverse direction relative to the magnetic tape and hence 
satisfactory reproduced signals cannot be produced. If 5 2 /5i is less than 1/3, bit error rate increases when 
the magnetic head is moved in the normal direction relative to the magnetic tape for recording/reproducing 

45 operation. If 5 2 /5i is greater than 2/3, bit error rate increases when the magnetic head moves in the reverse 
direction relative to the magnetic tape. Thus, magnetic tapes not meeting the foregoing conditions for 5i 
and 5 2 are not suitable for use on a recording/reproducing apparatus of a forward-backward 
recording/reproducing system. 

The condition for Br*(5i + 5 2 )*Hc is determined to secure a sufficiently high reproduced output in 

so reproducing recorded data by a recording/reproducing apparatus of a nontracking data reproducing system. 
As is generally known, the reproduced output of a magnetic head is substantially proportional to the in- 
plane coercive force, remanent magnetic flux density and the thickness of the magnetic layer of the 
magnetic recording medium. Experiments showed that the reproduced output must be +3.5 dB or above to 
limit bit error rate below 1 x 10~ 2 in reproducing recorded data by a recording/reproducing apparatus of a 

55 nontracking data reproducing system. Br*(6i + 6 2 )*Hc must be 50 G*cm*Oe or above to obtain a 
reproduced output of +3.5 dB or above. If Br'(5i + 5 2 )*Hc is less than 50 G*cm*Oe, an insufficient 
reproduced output is obtained and bit error rate increases. 

The coercive force He is determined taking into consideration the characteristics of the magnetic head 

5 
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employed in the recording/reproducing apparatus of a nontracking data reproducing system and power 
consumption into consideration. Generally, recording current of a recording/reproducing apparatus of a 
nontracking data reproducing system is 20 mA or below. Accordingly, the magnetic tape must be able to 
record recording signals of 20 mA or below. Satisfactory recording is impossible and reproduced output is 
reduced if the coercive force He exceeds 1200 Oe. 

In reproducing recorded data by a recording/reproducing apparatus of a nontracking data reproducing 
system the magnetic tape is loaded on a recording/reproducing apparatus by a nonloading system The 
magnetic tape of the present invention having a longitudinal stiffness St not less than 2 and not greater than 
10 exhibits satisfactory recording/reproducing characteristics when loaded by a nonloading system If the 
longitudinal stiffness St is less than 2, the magnetic tape may possibly be slackened and a space is formed 
between the magnetic head gap of the magnetic head and the magnetic tape to cause a spacing loss. If the 
longitudinal stiffness St is greater than 10, the length of contact of the magnetic tape with the magnetic 
head is excessively small (less than 300 urn) particularly when the curvature of the contact surface of the 
magnetic head is large and the magnetic tape is unable to be in stable contact with the magnetic head 
75 which also causes spacing loss. 

On principle, the surface roughness Ra (urn) of the back surface of the nonmagnetic substrate 1 is 
calculated as a function of a surface roughness curve expressed by y = f(x) by using an expression (1). 

20 Ra = )f ( X ) |dx (1) 

The approximate value of the surface roughness Ra can be calculated by an expression (2) 

25 

Ra = (y a + + y c + --• + Y n )/n = |y|/ n .... ( 2 ) 

,„ ^n ACC !f n9 o° ^ Pr6Sent invention ' the value of Ra ^ calculated by using the expression (2) for n = 
30 ouuu and I — 2 mm. 

If ^e surface roughness Ra calculated by using the expression (2) is less than 0.015, the friction 
between the back surface of the oblique evaporation magnetic tape and the tape guide post of the 

Ziw I^Tnl? 1 T" ^ " Unab ' e t0 run Smo0thly - ,f the surface ™9hness Ra is 

greater than 0.040, the tape guide post will be abraded rapidly by the magnetic tape 

m»»^% S . UrfaC T r °" 9h ? esS Ra of the back surface of the ^a9^tic tape is adjusted by forming a back 
coating film of a back coating material having appropriate particle size on the back surface of the 
nonmagnetic substrate. The back coating material may be any suitable material used generally in 
fabricating magnetic tapes of this kind. Preferably, the thickness of the back coating film is in the range of 
0.6 urn to 1 .0 urn in view of the thickness of the magnetic tape, coating accuracy and the effect of the back 
coating film on the surface roughness Ra. Generally, the thickness of the magnetic tape of this kind is 5 urn 
or beta*. If the th.ckness of the back coating film exceeds 1.0 urn, it is difficult to finish the magnetic tape 

Lnd thltth^ T 9r ! ater ,! han 5 " iS P ° SSible that the thickness of back mating film is irreguiar 
% <1 ? u °T. 9 f ' lm h3Ving 3 d6Sired Surface rou 9 hn ess cannot be formed if the desired thickness 
of the back coating film is less than 0.6 urn. 

If necessary, the nonmagnetic substrate may be coated with a base film and the magnetic layer may be 
coated with a top coating film. There is no particular restriction on the materials of the base film and the top 
coating film; the base film and the top coating film may be formed of any suitable material generally used in 
fabricating magnetic recording media of this kind. 

so Example 1 

The effect of the thickness a, + a 2 of the magnetic layer of a magnetic tape on the performance of the 
magnetic tape was examined. 

« t- „ A ferr ° ma 9 netic metal thin fllm a "d a second ferromagnetic metal thin film were formed sequen- 
55 bally in that order respectively by oblique evaporation cycles using a CosoNfeo alloy evaporation source on 
a nonmagnetic substrate coated with a base film. In the second oblique evaporation cycle, the nonmagnetic 
substrate was fed in a direction opposite to that in which the nonmagnetic substrate was fed in the first 
oblique evaporation cycle. Then, the back surface of the nonmagnetic substrate was coated with a back 

6 
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coating film and the surface of the second ferromagnetic metal thin film was coated with a top coating film 
of a lubricant. The nonmagnetic substrate thus coated with those films was cut in magnetic tapes of a 
predetermined width and the magnetic tapes were put in cassettes. 

In the oblique evaporation cycles, the incidence angle of the vapor of the evaporation source on the 

5 nonmagnetic substrate was in the range of 90° to 45° and oxygen gas was supplied at a supply rate of 
200 cm 2 /min. The thickness 5i of the first ferromagnetic metal thin film and the thickness 5 2 of the second 
ferromagnetic metal thin film were adjusted by regulating the moving speed of the nonmagnetic substrate 
while the intensity of electron beams for heating the evaporation source was regulated to maintain the 
evaporation rate of the evaporation source constant. A 2000 A thick ferromagnetic metal thin film was 

70 formed when the moving speed of the nonmagnetic substrate was 14 m/min. 

Thus, sample magnetic tapes differing from each other in the thickness 8<i of the first ferromagnetic 
metal thin film and the thickness B 2 of the second ferromagnetic metal thin film and meeting a condition: 
5i/$2 = 1/0.5 were fabricated. The sample magnetic tapes were subjected to forward-backward 
recording/reproducing operation and bit error rate was measured. 

75 Table 1 shows the thickness 5i of the first ferromagnetic metal thin film, the thickness $2 of the second 

ferromagnetic metal thin film, the thickness $1 +6 2 of the magnetic layer, the coercive force He, the 
remanent magnetic flux density Br and bit error rate in reproducing recorded data of each sample magnetic 
tape. Fig. 3 shows the relation between the thickness 5i +5 2 of the magnetic layer and bit error rate of each 
sample magnetic tape. 

20 As is obvious from Fig. 3, the variation of bit error rate with the thickness of the magnetic layer when 
the magnetic head is moved in the normal direction and the variation of bit error rate with the thickness of 
the magnetic layer when the magnetic head is moved in the reverse direction are represented approxi- 
mately by upward concave hyperbolas each having a minimum. Bit error rate must be 1x 10~ 2 or below to 
obtain satisfactory reproduced signals by a recording/reproducing apparatus of a nontracking data reproduc- 

25 ing system. When the thickness of the magnetic layer is in the range of 1600 A to 2000 A, bit error rate is 1 
x 10" 2 or below regardless of the direction of movement of the magnetic head relative to the magnetic 
tape. Thus, the thickness 5i + 5 2 of the magnetic layer of a magnetic tape suitable for reproducing operation 
of a nontracking data reproducing system is in the range of 1600 A to 2000 A. 

30 Example 2 

The effect of the thickness ratio 5 2 /5i of a magnetic tape on the performance of the magnetic tape was 
examined. 

Sample magnetic tapes respectively having magnetic layers differing from each other in thickness ratio 

35 5 2 /5i and having a thickness 5i +5 2 = 1800 A were fabricated by the same oblique evaporation process as 
that employed in fabricating the sample magnetic tapes of Example 1. The sample magnetic tape were 
subjected to forward-backward recording/reproducing operation. Bit error rates of signals reproduced from 
the sample magnetic tapes were measured. 

Table 2 shows the thickness 5i of the first ferromagnetic metal thin film, the thickness 5 2 of the second 

40 ferromagnetic metal thin film, thickness ratio 5 2 /6i, the coercive force He, the remanent magnetic flux 
density Br and bit error rate of each sample magnetic tape. Fig. 4 shows the relation between the thickness 
61 of the first ferromagnetic metal thin film and bit error rate of each sample magnetic tape. 

As is obvious from Fig. 4, bit error rate increases with the increase of the thickness 61 of the first 
ferromagnetic metal thin film when the magnetic head is moved in the normal direction relative to the 

45 magnetic tape, and bit error rate increases with the decrease of the thickness 61 of the first ferromagnetic 
metal thin film when the magnetic head is moved in the reverse direction. When the thickness 61 is in the 
range of 1080 A to 1350 A, bit error rate is not greater than 1 x 10~ 2 regardless of the direction of 
movement of the magnetic head relative to the magnetic tape. Accordingly, magnetic tapes having a 
thickness ratio 5 2 /5i in the range of 1/3 to 2/3 are suitable for reproducing operation of a nontracking data 

50 reproducing system. 

Example 3 

The energy product Br*(5i + 5 2 )*Hc and coercive force He of the magnetic layers of sample magnetic 
55 tapes were examined. 

Sample magnetic tapes were fabricated by the same oblique evaporation process as that employed in 
fabricating the sample magnetic tapes of Example 1, except that a CosoNi 2 o alloy and C0100 were used as 
evaporation sources and oxygen gas supply rate was regulated to adjust remanent magnetic flux density Br 

7 
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and coercive force He. The sample magnetic tapes were subjected to forward-backward 
recording/reproducing operation to measure reproduced output and optimum recording current 

Table 3 shows the oxygen gas supply rate in fabricating each sample magnetic tape, the coercive force 
He, the remanent magnetic flux density Br and the energy product Br- (5, + « 2 )-Hc. reproduced output and 
optimum recording current of each sample magnetic tape. Fig. 5 shows the relation between energy 
product and reproduced output represented by the ratio of the reproduced output obtained from the sample 
magnetic tape to that obtained from a coated magnetic tape, and Fig. 6 shows the relation between 
coercive force He and optimum recording current (dB) with reference to 20 mA. 

As is obvious from Fig. 5, reproduced output increases with the increase of energy product regardless 
of the direction of movement of the magnetic head relative to the magnetic tape. Since reproduced output 
must be +3.5 dB or above to limit bit error rate to a value not greater than 1x10"* in reproducing 
recorded data by a recording/reproducing apparatus of a nontracking data reproducing system, the energy 
product of the magnetic tape must be 50 G'cm-Oe or above. Therefore, the coercive force He and the 
remanent magnetic flux density Br of the magnetic tapes for use on a recording/reproducing apparatus of a 
nontracking system must be adjusted so that the energy product is not smaller than 50 G-cm-Oe 

Optimum recording current for a recording/reproducing apparatus of a nontracking data reproducing 
system is 20 mA or below. As is obvious from Fig. 6, optimum recording current is 20 mA or below when 
the coercive force He is 1200 Oe or below. 

The electromagnetic conversion characteristics and magnetic characteristics of the sample magnetic 
tapes in the foregoing examples were measured by the following measuring instruments. 

Magnetic Characteristics (He, Br) 

Instrument: Vibrating sample type magnetometer 

Electromagnetic Conversion Characteristics (Optimum current. Reproduced output, Bit error rate) 

Instrument: NT-1 (modified), SONY 

Head: Tv P e: M,G . Cores: Single crystal MnZn ferrite, Magnetic head gap: 

Sendust, Gap length: 0.22 urn 
Recording wavelength: 0.67 urn 

Sampling frequency: 32 kHz 

Number of bits for quantization: 12 bits 

35 Example 4 

The longitudinal stiffness St of sample magnetic tapes was examined. 

Sample magnetic tapes were fabricated by the same oblique evaporation process as that employed in 
fabricating the sample magnetic tapes of Example 1, except that nonmagnetic substrates shown in Table 1 
differing from each other in material and thickness were used. The contact length, i.e., the length of contact 
of each sample magnetic tape with a magnetic head, was measured. Table 4 shows the stiffness St and 
contact length of each sample magnetic tape. 
Stiffness St was measured by a strain gage. 

Contact length is represented by the distance between two points where spacing changes sharply 
Spacing was measured by a spacing measuring instrument of an interference type provided with a glass 
head with a prism. The glass head of 87 urn in width, 28 urn in projection and 6.8 mm in radius of 
curvature was used. 

As shown in Fig. 7, the sample magnetic tape (71) having a stiffness St of 1.2 meandered on the 
magnetic head (72) and a portion of the same corresponding to the magnetic head gap (73) floated and 
hence the contact length of the sample magnetic tape could no be measured. The sample tapes (71) having 
a stiffness St of 11.6 and 19.1 could not extend in perfect contact with the curved contact surface of the 
magnetic head (72). The stiffness St must be in the range of 2 to 10 
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Example 5 



55 



The effect of the surface roughness Ra of the back surface of magnetic tapes on the abrasion of the 
tape guide post and on the running smoothness of the magnetic tapes was examined. 

Sample magnetic tapes were fabricated by the same oblique evaporation process as that employed in 
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fabricating the sample magnetic tapes in Example 1, except that the back coating films were formed of 
mixtures of carbon black and a binder filtered respectively by filters shown in Table 5. 

The surface roughness of the sample magnetic tapes, friction coefficient between the tape guide post 
and the sample magnetic tapes and the abrasion of the tape guide post were measured. Measured results 
are shown in Table 5. 

Surface roughness and friction coefficient were measured under the following conditions. 



Surface Roughness 



10 Instrument: 
Needle: 

Measuring length: 
Needle speed: 
Filter: 

75 Roughness calculator: 



TALY STEP, Rank-Tailor-Hobson 
Square needle, 0.1 urn x 2.5 um 
2 mm 

0.025 mm/sec 
0.33 Hz 
PC-9801, NEC 



Friction Coefficient 



20 



25 



30 



Instrument: 

Tape guide post: 

Tape tension: 

Contact angle: 

Number of rubbing cycles: 



SOFT-1200F, SONY 
Polyacetal post (Ra max = 0.5) 

5g 
60° 
200 

As shown in Table 5, the friction coefficient between the tape guide post and the sample magnetic 
tapes having a surface roughness less than 0.017 is large and these sample magnetic tapes are unable to 
run smoothly. The sample magnetic tapes having a surface roughness exceeding 0.038 abraded the tape 
guide post excessively and the output characteristics of these sample magnetic tapes were unstable. Thus, 
the surface roughness Ra of the back surface of the magnetic tapes suitable for nonloading 
recording/reproducing operation is in the range of 0.015 to 0.040. 

Although the invention has been described in its preferred form with a certain degree of particularity, 
obviously many changes and variations are possible therein. It is therefore to be understood that the 
present invention may be practiced otherwise than as specifically described herein without departing from 
the spirit and scope thereof. 
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Table 1 



*i (A) 


5 2 (A) 


5i +5 2 (A) 


He (Oe) 


Br (G) 


He X Br X (5t +5 2 ) 
(Oe*cm*G) 


Bit error rate (x10~ 2 ) 


Normal 


Reverse 


1000 


500 


1500 


1100 


3210 


53 


1.2 


0.8 


1170 


580 


1750 


1050 


3400 


62 


0.6 


0.7 


1330 


670 


2000 


1060 


3410 


72 


0.5 


0.9 


1500 


750 


2250 


1000 


3880 


87 


1.2 


3.5 


1670 


830 


2500 


1120 


3270 


92 


2.4 


12 
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Table 2 



5 


5, (A) 


h 2 (A) 


5i/5 2 


He (Oe) 


Br (G) 


He X Br X (5i +5 2 ) 
(Oe-cm*G) 


Bit error rate (x10 -2 ) 
















Normal 


Reverse 


10 


1440 
1350 
1200 
1080 


360 
450 
600 
720 


0.25 
0.33 
0.50 
0.67 


1010 
1040 
1070 
1040 


3400 
3340 
3380 
3330 


62 
63 
65 
62 


3.5 
1.0 
0.6 
0.5 


0.6 
0.6 
0.7 
0.8 
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Table 4 



Nonmagnetic substrate 


Stiffness 


Contact length (um) 


Material 


Thickness (um) 


Polyethylene terephthalate 


3.2 


1.2 


Unmeasurable 


Polyethylene terephtalate 


4.0 


2.1 


620 


Polyamide 


3.8 


5.1 


560 


Polyamide 


5.0 


11.6 


290 


Polyamide 


6.0 


19.0 


70 



15 



20 



Table 5 



Filter 


Surface roughness Ra 


Friction coefficient u 


Depth of abrasion (um) 


Number of abrading cycle 


P-15 
P-20 
P-30 
P-40 


0.011 
0.017 
0.038 
0.060 


0.61 
0.51 
0.38 
0.25 


4.3 
6.2 
8.4 
14.2 


20- 30 | 
1 90 ~ 200 
£200 
£200 
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A magnetic recording medium comprising: a nonmagnetic substrate (1); and a magnetic layer 
consisting of a first ferromagnetic metal thin film (2) of an orthorhombic, columnar structure formed on 
the nonmagnet.c substrate (1), and a second ferromagnetic metal thin film of an orthorhombic 
columnar structure formed on the first ferromagnetic metal thin film (2); 

wherein the direction of growth of the orthorhombic, columnar structure of the first ferromagnetic 
metal thin f.lm (2) and that of the orthorhombic, columnar structure of the second ferromagnetic metal 
thin film (3) are opposite to each other, and 

the magnetic layer meets the conditions: 

1600 A ^ 5i + B 2 £ 2000 A 
1/3 ^ 5 2 /$ 2 ^ 2/3 
He £ 1200 Oe 

Br • (5t + s 2 y He £ 50 G * cm • Oe 

where is the thickness of the first ferromagnetic metal thin film (2), S 2 is the thickness of the second 
ferromagnetic metal thin film (3), He is the coercive force of the magnetic layer and Br is the remanent 
magnetic flux density of the magnetic layer. 

The magnetic recording medium wherein the magnetic recording medium has a stiffness St meetinq 
the condition expressed by: 

2 ^ S t ^ 10. 

The magnetic recording medium according to claims 1 or 2, wherein the surface roughness Ra of the 
back surface of the nonmagnetic substrate opposite to the surface of the same on which the magnetic 
layer is formed meets the condition expressed by: 

0.015 ^ Ra ^ 0.040. 
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